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Abstrat. A new type of high-energy binary system has been revealed
by the INTEGRAL satellite. These soures are being unveiled by means
of multi-wavelength optial, near- and mid-infrared observations. Among
these soures, two distint lasses are appearing: the rst one is onsti-
tuted of intrinsially obsured high-energy soures, of whih IGR J16318-
4848 seems to be the most extreme example. The seond one is populated
by the so-alled supergiant fast X-ray transients, with IGR J17544-2619
being the arhetype. We rst give here a general introdution on IN-
TEGRAL soures, before reporting on multi-wavelength optial to mid-
infrared observations of a sample onstituted of 21 INTEGRAL soures.
We show that in the ase of the obsured soures our observations suggest
the presene of absorbing material (dust and/or old gas) enshrouding the
whole binary system. We nally disuss the nature of these two dierent
types of soures, in the ontext of high energy binary systems, and give a
senario of uniation of all these dierent types of high energy soures,
based on their high energy properties.
1. Prelude
Last Deember it was the 45th anniversary of the disovery of the rst X-ray
extra-solar soure So X-1, reported on Deember 1st 1962 by Giaoni et al.
(1962)
1
. 40 years after these early X-ray ages, the X-ray sky has been extensively
observed, but as we will see unexpeted disoveries are still to expet! So X-1,
the rst X-ray soure in the onstellation of Sorpius, beame the prototype of
Galati high energy binary systems, in whih it is now ommonly aepted that
a ompat objet (neutron star -NS- or blak hole -BH-) aretes from a so-alled
ompanion, primary or seondary star.
We will begin by a short introdution on the distintion between low mass
and high mass X-ray binaries (LMXBs and HMXBs respetively). We will then
ontinue with a review on INTEGRAL soures (alled IGRs in the following): the
general results obtained by INTEGRAL, the spatial distribution, the modulation
and absorption of soures disovered by this satellite. We will then review some
of the stellar winds properties, in order to understand the basi theory on SFXTs,
whih will lead us to what we all here the grand uniation of sgXBs.
1
R. Giaoni won the 2002 Physis Nobel prize for this disovery.
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The following setion will desribe an extensive multi-wavelength study
based on a sample of IGRs, inluding the lassial SFXT IGRJ17544-2619, the
intermediate SFXT IGRJ18483-0311, and the obsured soure IGRJ16318-4848.
We will nish with AX J1749.1-2733, whih might be the most obsured BeXRB,
before onluding and giving some perspetives.
1.1. Galati X-ray binaries
There are now 300 X-ray binaries known in our Galaxy (Liu et al. 2006; Liu et al.
2007), that we an distinguish between LMXBs and HMXBs aording to the
nature of the ompanion star hosted in the high enery binary system.
LMXBs: 186 LMXBs (62% of the total number of high energy binary systems):
the ompanion has a spetral type later than B (M < 1 M⊙). The mass transfer
is done through Rohe Lobe lling, via angular momentum loss through the
aretion dis. The LMXBs are onentrated in the Galati bulge due to the
fat that the ompanion stars, being less massive than the Sun, are old stars.
The ompat objet an be either a BH or a NS. When the NS is magnetized,
they are Z or Atoll soures aording to their hardness-intensity diagrammes.
HMXBs: 114 HMXBs (38% of the total number of high energy binary systems):
the ompanion has an OB spetral type (M > 10 M⊙). The mass transfer
ours either via a deretion disk (Be systems), or a strong wind or even via
Rohe lobe lling (in the ase of the supergiant X-ray binaries). These systems
are onentrated in the Galati plane. They are separated in 3 distint groups
aording to the nature of their ompanion star:
• The group of Be/X-ray Binaries (BeXBs, also alled Be/X-ray transients)
onstitute the majority of HMXBs. The ompanion/donor star is in this
ase a main sequene Be spetral type star. The ompat objet is a
NS loated on a wide and moderately eentri orbit, and it is spending
little time in lose proximity to the dense irumstellar deretion disk sur-
rounding the Be ompanion (Coe 2000; Negueruela 2004). Transient X-ray
outbursts our when the ompat objet passes through the Be-star dis,
areting from the low-veloity and high-density stellar wind. It then ex-
hibits hard X-ray spetra during the outburst.
• The group of supergiant X-ray Binaries (sgXBs) is made of binaries hosting
a donor supergiant early-type OB star. The ompat objet is a NS orbiting
deep inside the highly supersoni stellar wind (Kaper et al., 2004). The
sgXBs are still separated in two distint groups, aording to the aretion
proess:
 In the wind-fed systems, the X-ray luminosity is powered by aretion
from the strong steady radiative stellar wind, reating a persistent
X-ray soure (Lx ∼ 10
35−36
erg s
−1
). These systems exhibit large
variations on short timesales (due to wind inhomogeneities), and a
stable ux on the long run. The ompat objet orbits on a lose orbit
(Porb < 15d) with low eentriity.
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 In the Rohe-lobe overow systems (so-alled lassial bright soures),
the matter ows via the inner Lagrangian point forming an are-
tion dis, giving a high X-ray luminosity (Lx ∼ 10
38
erg s
−1
) during
outbursts. We point out that Cyg X-1 is the only sgXB hosting a
onrmed BH.
• Finally, the last group of HMXBs is onstituted of all the other main se-
quene or giant type ompanion HMXBs (inluding the symbioti systems).
1.2. The Corbet Diagramme
In 1986, Corbet (1986) reported a plot of the NS spin period versus the orbital
period of HMXBs. This plot, now known as the "Corbet Diagramme", shows that
the 3 types of HMXB pulsators (BeXBs, wind-fed and Rohe-lobe lling sgXBs)
segregate into dierent regions of this diagramme, owing to the omplex feedbak
proesses between modulation periods and dominant aretion mehanism.
A orrelation is observed in Be systems, due to the fat that they arete
signiant angular momentum to be able to form an aretion dis. On the other
hand, no orrelation is observed in supergiant systems, beause of the low net
angular momentum of areted matter: if an aretion dis is formed during
aretion of matter, it must be of transitory nature.
2. And then INTEGRAL arrived...
The INTEGRAL observatory is an ESA satellite launhed on 17 Otober 2002
by a PROTON roket on an exentri orbit. It is hosting 4 instruments: 2 γ-ray
oded-mask telesopes the imager IBIS and the spetro-imager SPI, observing
in the range 10 keV-10 MeV, with a resolution of 12′ and a eld-of-view of 19◦
a oded-mask telesope JEM-X (3-100 keV), and an optial telesope (OMC).
One of the important results of INTEGRAL has been obtained during the
deep observation of our Galaxy the Milky Way, allowing to show that the diuse
X-ray bakground, below 80 keV, ould be entirely resolved into X-ray point
soures (Lebrun et al., 2004).
2.1. The γ-ray sky seen by INTEGRAL
The γ-ray sky seen by INTEGRAL is very rih, sine 499 soures have been
deteted by INTEGRAL, reported in the 3rd IBIS/ISGRI soft γ-ray atalogue,
spanning 3.5 years of observations in the 20-100 keV domain (Bird et al., 2007).
Among them, 214 were disovered by INTEGRAL, while the remaining 285 were
previously known.
Among these soures, there are 147 XRBs (29% of the total number of
INTEGRAL soures), 163 AGNs (33%), 27 CVs (5%), and 20 soures of other
type (4%): 12 SNRs, 2 globular lusters, 2 SGRs and 1 GRB. 129 objets still
remain unidentied (26%). The XRBs are separated in 82 LMXBs (16%) and
78 HMXBs (16%). Among the HMXBs, there are 24 BeXBs (31% of the total
of HMXBs) and 19 sgXBs (24% of the total of HMXBs).
It is interesting to follow the evolution of the ratio between BeXBs and
sgXBs. During the pre-INTEGRAL era, HMXBs were mostly BeXBs systems.
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For instane, in the atalogue of 130 HMXBs by Liu et al. (2000), there were
54 BeXBs (42% of the total number of HMXBs) and 7 sgXBs (5%). Then,
the situation hanged with the rst HMXBs identied by INTEGRAL: in the
atalogue of HMXBs of Liu et al. (2006), out of 114 HMXBs (+128 in Magellani
Clouds), there were 60% of BeXBs and 32% of sgXBs rmly identied. Therefore,
the ratio of BeXBs/HMXBs inreased by a small fator of 1.5, while the one of
sgXBs/HMXBs inreased by a muh higher fator of 6.
We will see later that the two highlights of INTEGRAL in the XRB do-
main are rst the emergene of an obsured population of sgXBs, and then the
emergene of the SFXT lass (12 andidates).
In the 3 following subsetions we follow the study reported in the exhaustive
and exellent paper of Bodaghee et al. (2007).
2.2. The Galati spatial distribution
We now examine the impat of stellar evolution of massive binaries on the forma-
tion of binary systems, by looking at the spatial distribution of binary systems
with known distanes on a Galati spiral 4-arm model (based on loations of
star-forming regions SFRs and related omplexes: OB stars, moleular louds,
HII regions, diuse ionised gas; see Russeil 2003).
The LMXBs, hosting old ompanion stars whih had the time to migrate
o the Galati plane (|b| > 3 − 5◦), are found to be onentrated in or near
the Galati bulge where old globular lusters reside, peaking at the enter and
dereasing gradually with the galatoentri radius, suggesting an assoiation
with the Galati bar.
On the ontrary, HMXBs, hosting young ompanion stars, are enountered
in reent stellar formation sites, in the outer disk and arms where young stars are
formed, following the HII/CO distribution. Underabundant in entral few kp,
their uneven distribution along the Galati plane reets the Galati spiral
struture. Indeed, they oinide with the ative young massive SFRs, peaking
at l ∼ ±30◦ towards tangential diretions of inner spiral arm tangents (Norma
and Sutum/Sagittarius) and towards a moleular ring loated at ∼ 3 kp from
the Galati enter.
The spread of latitude distributions from the Galati plane is larger in
LMXBs than in HMXBs due to the relative young HMXB ompanions. Suh
evolutionary signatures had been already notied by Ginga (Koyama et al., 1990)
and RXTE (Grimm et al., 2002) but on smaller samples. However we point out
that the exposure map is heterogeneous. Aording to their angular distribution
and transiene, the population of yet unlassied soures is likely omposed
primarily of Galati LMXBs/CVs. The distribution of misellaneous soures is
similar to HMXBs.
Sine the propagation of density waves promotes stellar formation in spiral
arms (Lin et al., 1969), the distribution of HMXBs is oset with diretions of
spiral arm tangents beause it requires ∼ 10 Myr before one of the stars in a
binary system ollapses into a NS/BH. The Galati rotation indues hanges
in the apparent positions of the arms, ausing a delay between star formation
epoh and time of maximum number of HMXBs. Therefore the urrently ative
star-forming sites should be about ∼ 40◦ away from regions whih were ative 10
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Myr ago and produed the urrent HMXBs (Lutovinov et al. 2005; Dean et al.
2005; Bodaghee et al. 2007).
2.3. Absorption
IGRs olumn densities are higher (by a fator of ∼ 4) than expeted from the
radio maps. Previously known soures had < NH >= 1.2 × 10
22
m
−2
, while
IGRs exhibit < NH >= 4.8 × 10
22
m
−2
. The Galati IGRs are HMXBs with
high NH (∼ 10
23
m
−2
). The question whih arises is therefore: are the Gala-
ti IGRs intrinsially absorbed due to the geometry of the absorbing material,
or extrinsially due to their loation along the dusty Galati plane? While
the line-of-sight absorption shows that there are potential lustering or asym-
metries in the loal distribution of matter, the highest value of Galati NH is
∼ 3 × 1022 m−2 (Dikey & Lokman, 1990). It seems therefore that the high
absorption is intrinsi to IGRs. ISGRI (>20 keV) is immune to absorption that
prevented disovery of absorbed soures with earlier soft X-ray telesopes.
The most heavily-absorbed Galati soures (NH > 10
23
m
−2
) are loal-
ized in the Norma Arm region, the most ative formation site of young super-
giant stars (Bronfman et al., 1996) preursors to the absorbed HMXBs and
the Galati Bulge and Sutum/Sagittarius arms.
2.4. Modulations
Strong magneti elds in NS XRBs produe non-spherially symmetri emission
patterns: due to misaligned magneti and rotation axes, pulsations are seen in
the X-ray light urve. Most IGRs have spin periods Pspin = 100 - 1000s, i.e. 10
times longer than <Pspin> of pre-IGRs.
IGRs exhibiting extreme modulations are:
• IGRJ00291+5934, with Pspin = 1.7 ms, is the fastest aretion-powered
pulsar ever observed (Galloway et al., 2005),
• IGRJ16358 - 4726, with Pspin = 6000 s, is the slowest NS rotator (Lutovinov et al.
2005; Patel et al. 2007).
Why do HMXB IGRs have longer pulse periods? sgXBs are wind-fed sys-
tems with strong magneti elds that tend to have the longest pulse periods
(e.g. Corbet 1984). INTEGRAL and XMM-Newton feature long orbital periods
around Earth. The distribution of IGR Porb exhibit a bimodal shape similar
to the one known before INTEGRAL, with 2 populations: LMXBs (and CVs,
SNRs...) exhibit shorter Porb, and HMXBs longer Porb. The Corbet Pspin -
Porb diagramme shows that the majority of IGRs is loated among other known
wind-fed sgXBs. BeXBs have in general longer Porb than sgXBs (this was already
known, see e.g. Stella et al. 1986). INTEGRAL is therefore not just nding new
HMXBs pulsars, but predominantly long-period sgXBs.
2.5. Modulation vs Absorption
The aretion aets the Pspin of a NS, depending on the veloity at the orota-
tion radius (Vc) where the magneti eld regulates the motion of matter:
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• if Vc > VKepler: the material is spun away, taking angular momentum, and
the NS slows down due to "propellor mehanism" (Illarionov & Sunyaev,
1975).
• if Vc < VKepler: the material is areted onto the NS, whih either spins up
or down depending on the diretion of the angular momentum with respet
to the NS spin (Waters & van Kerkwijk, 1989).
Sine the spherially-symmetri aretion on a NS is driven by the wind of
the ompanion star, the HMXB pulsar spin rate is regulated by the stellar wind
angular momentum of the ompanion star.
The wind density of a supergiant star has the form ρ(r) ∝ r−2. For Be stars,
beause stellar winds have dense and slow equatorial outows and thin fast po-
lar winds (Lamers & Waters, 1987), the wind density drops faster: ρ(r) ∝ r−3
(Waters et al., 1988). In addition, there are stronger density and veloity gradi-
ents inside the apture radius of the NS, in both radial and azimutal diretions.
Wind-fed aretion is therefore more eient at delivering angular momentum
to the NS in BeXBs than it is in sgXBs (Waters & van Kerkwijk, 1989).
Given the density strutures, and assuming a steady aretion rate with
angular momentum of same diretion as the NS spin, it reahes an equilibrium
value Peq propto ρ
−3/7
. However, the urrent Pspin of NS in sgXBs are muh
longer than predited and are loser to Peqs of the stellar winds while the star
was still on the main sequene (Waters & van Kerkwijk, 1989). On the other
hand, the equilibrium Pspin in Be systems is onstantly adjusting to the hanging
onditions in the winds. As with sg systems, pulsars in Be systems are not
urrently spinning at Peq but reet the values of an earlier evolutionary stage
(King, 1991). The transport of positive angular momentum through the wind is
so ineient that it an not spin up the pulsar to its expeted equilibrium Peqs.
However the pulsar an be spun down by the "propellor mehanism".
A new tool: Galati HMXB IGRs segregate into distint regions of Pspin - NH
diagramme: sgXBs have higher average NH and longer average Pspin ompared
to BeXBs. There are only 2 sgXBs with Pspin < 50s: Cen X-3 a Rohe-lobe
overow system and OAO 1657 - 415, whih seem to be intermediate systems,
sine they show transitions from wind-fed to disk-fed system.
In view of all what has been desribed until now, looking at the loation of
IGRs in a Pspin-NH diagramme onstitutes a new tool to distinguish between sg
and BeXBs when only NH and either Pspin or Porb are known.
• IGRJ19140+0951 (Porb ∼ 13d, NH ∼ 10
23
m
−2
): positioned among
sgXBs, the sgOB spetral type has been onrmed by IR observations (see
e.g. Chaty et al. 2008; and see also Prat et al. 2008 for the dependene of
NH along the phase);
• IGRJ16358 - 4726: exhibiting an unusually long Pspin suggesting a magne-
tar nature (Patel et al., 2007), and loated in the sgXB part, the spetral
type has been onrmed by Chaty et al. (2008).
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3. Now that INTEGRAL is orbiting... let the show go on!
The INTEGRAL observatory has performed a detailed survey of the Galati
plane. The ISGRI detetor on the IBIS imager has disovered many new high
energy elestial objets, most of whih have been reported in Bird et al. (2007)
2
.
The most important result of INTEGRAL to date is the disovery of many new
high energy soures  onentrated in the Galati plane, and towards the Norma
arm, a region of our Galaxy full of star forming regions,  exhibiting ommon
harateristis whih previously had rarely been seen (see e.g. Chaty & Filliatre
2005). Many of them are high mass X-ray binaries (HMXBs) hosting a NS
orbiting around an OB ompanion, in most ases a supergiant star. They divide
into two lasses: some of the new soures are very obsured, exhibiting a huge
intrinsi and loal extintion, the most extreme example is the highly absorbed
soure IGR J16318-4848 (Filliatre & Chaty, 2004), and the others are HMXBs
hosting a supergiant star and exhibiting fast and transient outbursts  an unusual
harateristi among HMXBs. These are therefore alled Supergiant Fast X-ray
Transients (SFXTs, Negueruela et al. 2006), with IGR J17544-2619 being their
arhetype (Pellizza et al., 2006).
Nearly all the INTEGRAL HMXBs for whih both spin and orbital peri-
ods have been measured are loated in the upper part of the Corbet diagramme
(Corbet, 1986). They are wind aretors, typial of supergiant HMXBs, and X-
ray pulsars exhibiting longer pulsation periods and higher absorption (by a fator
∼ 4) as ompared to the average of previously known HMXBs (Bodaghee et al.,
2007). This extra absorption might be due to the presene of a ooon of
dust/old gas enshrouding the whole binary system in the ase of the obsured
soures. The intrinsi properties of the supergiant ompanion star ould there-
fore explain some properties of these soures. However, dierenes exist between
obsured soures and SFXTs, whih might be explained by the geometry of the
binary systems, and/or the extension of the wind/ooon enshrouding either the
ompanion star or the whole system. Indeed, obsured soures are naturally
explained by a ompat objet orbiting inside a ooon of dust and/or old gas,
while the fast X-ray behaviour of SFXTs needs a lumpy stellar wind environ-
ment, to aount for fast and transient aretion phenomena (see Figure 2, left
and right panels respetively, and Chaty & Rahoui 2006).
How to reveal the nature of these new newly disovered IGRs? High-
energy observations are not suient to reveal their nature, sine the INTE-
GRAL/ISGRI loalisation (∼ 2′) is not aurate enough to unambiguously pin-
point and identify the ounterpart at other wavelengths. One X-ray satellites
suh as XMM-Newton, Chandra, or Swift provide an arseond position, the hunt
for the optial ounterpart of the soure is open. However, the high level of ab-
sorption due to interstellar dust and gas towards the Galati plane/entre makes
the near-infrared (NIR) domain more eient for identifying these soures.
On the other hand, multi-wavelength observations allow us to study various
omponents of the system, emitting in various wavelength domains, depending
on the nature of the soures. There is a omplementarity of telesopes from
spae to ground, starting with the disovery of the high energy soure by X/γ-
2
See an updated list at http://isd.unige.h/∼rodrigue/html/igrsoures.html
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ray satellites suh as INTEGRAL, and then its loalization in X-rays by XMM-
Newton, Swift, or even Chandra, bringing a sub-arseond loalisation. After this
loalization, the ounterpart an be further looked for in radio (VLA), optial
and/or infrared wavelengths (for instane using ESO failities).
In this setion we now report on multi-wavelength observations of a sample
of IGRs, belonging to both lasses desribed above, and we then give general
results on IGRs, before disussing them and onluding.
3.1. Multi-wavelength observations of INTEGRAL Soures
To better haraterize this population, Chaty et al. (2008), Rahoui et al. (2008)
and Tomsik et al. (2007) studied a sample of 21 IGRs belonging to both lasses
desribed above. IGRs of this sample are X-ray pulsars, with high Pspin from
139 to 5880s and Porb ranging from 4 to 14 days. They are therefore HMXBs
wind areting supergiants, aording to the Corbet diagramme. The multiwave-
length observations were performed from 2004 to 2008 at the European Southern
Observatory (ESO), using Target of Opportunity (ToO) and Visitor modes, in 3
domains: optial (400−800nm) with EMMI, NIR (1−2.5 µm) with SOFI, both
instruments at the fous of the 3.5m New Tehnology Telesope (NTT) at La
Silla, and mid-infrared (MIR, 5−20 µm) with the VISIR instrument on Melipal,
the 8m Unit Telesope 3 (UT3) of the Very Large Telesope (VLT) at Paranal
(Chile). They also used data from the GLIMPSE survey of Spitzer. With these
observations they performed aurate astrometry, identiation, photometry and
spetrosopy on this sample of IGRs, aiming at identifying their ounterparts and
the nature of the ompanion star, deriving their distane, and nally harateris-
ing the presene and temperature of their irumstellar medium, by tting their
spetral energy distribution (SED).
Some results are reported in Table 1. Before desribing some of these multi-
wavelength results in detail, we rst mention the main results of this study. 15
of these IGR soures were identied as HMXBs, and among them 12 HMXBs
ontaining massive and luminous early-type ompanion stars. By ombining MIR
photometry, and tting their optialMIR SEDs, Rahoui et al. (2008) showed
that (i) most of these soures exhibit an intrinsi absorption and (ii) three of
them exhibit a MIR exess, whih they suggest to be due to the presene of
a ooon of dust and/or old gas enshrouding the whole binary system, with
a temperature of Td ∼ 1000K, extending on a radius of Rd ∼ 10 R⋆ (see also
Chaty & Rahoui 2006).
3.2. Supergiant Fast X-ray Transients
General harateristis: Supergiant Fast X-ray transients (also alled SFXTs)
are high-mass X-ray binary systems hosting NS orbiting around sgOB ompan-
ions. They onstitute a new lass of soures identied among the reently disov-
ered IGRs, exhibiting the following ommon harateristis: they exhibit rapid
outbursts lasting only for hours, a faint quiesent emission, high energy spe-
tra requiring a BH or NS aretor, and supergiant OB ompanion stars. The
ares have the following harateristis: their rise last for tens of minutes, the
total duration is of ∼ 1 hour, their frequeny of ∼ 7 days, and their luminosity
Lx ∼ 10
36
erg s
−1
at the outburst peak. Furthermore, they exhibit a faint quies-
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Table 1. Results on the sample of IGRs; more details are given in Chaty et al. (2008). We indiate respetively
the name of the soures, the region of the Galaxy in the diretion whih they are loated (No: Norma, GC: Galati
Centre), their spin and orbital period, (in seonds and days respetively), and absorption derived from observations of
the interstellar, optial-IR, and X-ray derived olumn density respetively (in units of 1022 m−2), their spetral type,
their nature and referene on these soures. Type abbreviations: AGN = Ative Galati Nuleus, B = Burster, BHC
= Blak Hole Candidate, CV = Catalysmi Variable, D = Dipping soure, H = High Mass X-ray Binary system,
IP = Intermediate polar, L = Low Mass X-ray Binary, O = Obsured soure, P = Persistent soure, S = Supergiant
Fast X-ray Transient, T: Transient soure, XP: X-ray Pulsar. Referene are: : Chaty et al. (2008), o: Combi et al.
(2006), f: Filliatre & Chaty (2004), h: Hannikainen et al. (2007), m1: Masetti et al. (2004) m2: Masetti et al. (2006)
n1: Negueruela et al. (2005), n2: Negueruela et al. (2006), p: Pellizza et al. (2006), t: Tomsik et al. (2006).
Soure Reg Ps(s) Po(d) NHis NHIR NHX SpT Type Ref
IGRJ16167-4957 No 2.2 0.23 0.5 A0 CV/IP t,m2
IGRJ16195-4945 No 2.18 2.9 7 OB H?/S?/O t
IGRJ16207-5129 No 1.73 2.0 3.7 BOI H/O t,m2
IGRJ16318-4848 No 2.06 3.3 200 sgB[e℄ H/O/P f
IGRJ16320-4751 No 1250 8.96(1) 2.14 6.6 21 sgOB H/XP/T/O 
IGRJ16358-4726 No 5880 2.20 3.3 33 sgB[e℄? H/XP/T/O 
IGRJ16393-4643 No 912 3.6875(6) 2.19 2.19 24.98 BIV-V? H/XP/T 
IGRJ16418-4532 No 1246 3.753(4) 1.88 2.7 10 sgOB? H/XP/S 
IGRJ16465-4507 No 228 2.12 1.1 60 B0.5I H/S n1
IGRJ16479-4514 No 2.14 3.4 7.7 sgOB H/S? 
IGRJ16558-5203 - - - - - - Sey1.2 AGN m2
IGRJ17091-3624 GC 0.77 1.03 1.0 L L/BHC 
IGRJ17195-4100 GC 0.77 0.08 CV/IP t,m2
IGRJ17252-3616 GC 413 9.74(4) 1.56 3.8 15 sgOB H/XP/O 
IGRJ17391-3021 GC 1.37 1.7 29.98 O8Iab(f) H/S/O n2
IGRJ17544-2619 GC ≥70? 1.44 1.1 1.4 O9Ib S p
IGRJ17597-2201 GC 1.17 2.84 4.50 L L/B/D/P 
IGRJ18027-1455 - - - - - - Sey1 AGN m1,o
IGRJ18027-2016 GC 139 4.5696(9) 1.04 1.53 9.05 sgOB H/XP/T 
IGRJ18483-0311 GC 21.05 18.55 1.62 2.45 27.69 sgOB? H/XP 
IGRJ19140+0951 13.558(4) 1.68 2.9 6 sgB0.5I H/O h
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ent emission. These soures therefore exhibit general properties dierent from
lassial HMXBs.
IGR J17544-2619 Arhetype of the SFXTs: IGR J17544-2619, a bright re-
urrent transient X-ray soure disovered by INTEGRAL on 17 September 2003
(Sunyaev et al., 2003), seems to be their arhetype. Observations with XMM-
Newton have shown that it exhibits a very hard X-ray spetrum, and a relatively
low intrinsi absorption (NH ∼ 2× 10
22
m
−2
, González-Riestra et al. 2004). Its
bursts last for hours, and inbetween bursts it exhibits long quiesent periods,
whih an reah more than 70 days. The X-ray behaviour is omplex on long,
mean and short-term timesales: rapid ares are deteted by INTEGRAL on all
these timesales, on pointed and 200s binned lighturve (Zurita Heras & Chaty,
2008b). The ompat objet is probably a NS (in't Zand, 2005). Pellizza et al.
(2006) managed to get optial/NIR ToO observations only one day after the
disovery of this soure. They identied a likely ounterpart inside the XMM-
Newton error irle, onrmed by an aurate loalization from Chandra. Spe-
trosopy showed that the ompanion star was a blue supergiant of spetral type
O9Ib, with a mass of 25 − 28 M⊙, a temperature of T ∼ 31000 K, and a stel-
lar wind veloity of 265 ± 20 km s−1 (whih is faint for O stars): the system is
therefore an HMXB (Pellizza et al., 2006). Rahoui et al. (2008) ombined opti-
al, NIR and MIR observations and showed that they ould aurately t the
observations with a model of an O9Ib star, with a temperature T⋆ ∼ 31000 K
and a radius R⋆ = 21.9 R⊙. They derived an absorption Av = 6.1 magnitudes
and a distane D = 3.6 kp. Therefore the soure does not exhibit any MIR
exess, it is well tted by a unique stellar omponent (see Figure 1, right panel,
Rahoui et al. 2008).
In summary, IGR J17544-2619 is an HMXB at a distane of ∼3.6 kp,
onstituted of an O9Ib supergiant, with a mild stellar wind and a ompat objet
whih is probably a NS, without any MIR exess.
Classiation of SFXTs: We an divide the SFXTs in two groups, aording
to the duration and frequeny of their outbursts, and their
Lmax
Lmin
ratio. The
lassial SFXTs exhibit a very low quiesene LX , and a high variability, while
intermediate SFXTs exhibit a higher <LX>, a lower
Lmax
Lmin
and a smaller variabil-
ity, with longer ares. SFXTs might appear like persistent sgXBs with <LX>
below the anonial value of ∼ 1036 erg s−1, and ares superimposed. But there
might be some observational biases, therefore the distintion between SFXTs and
sgXBs is not well dened yet. While the typial hard X-ray variability fator
(the ratio between the deep quiesene to outburst ux) is less than 20 in lassi-
al/absorbed systems, it is higher than 100 in SFXTs (some soures an exhibit
ares in a few minutes, like for instane XTEJ1739-302 & IGRJ17544-2619).
The intermediate SFXTs exhibit smaller variability fators.
SFXT behaviour: lumpy wind aretion?
Suh sharp rises exhibited by SFXTs are inompatible with the orbital mo-
tion of a ompat objet through a smooth medium (Negueruela et al. 2006,
Smith et al. 2006, Sguera et al. 2005). Instead, ares must be reated by the
interation of the areting ompat objet with the dense lumpy stellar wind
(representing a large fration of stellar
dM
dt ). In this ase, the are frequeny
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Figure 1. Optial to MIR SEDs of IGR J16318-4848 (left) and
IGR J17544-2619 (right), inluding data from ESO/NTT, VISIR on
VLT/UT3 and Spitzer (Rahoui et al., 2008). IGR J16318-4848 ex-
hibits a MIR exess, interpreted by Rahoui et al. (2008) as the sig-
nature of a strong stellar outow oming from the sgB[e℄ ompanion
star (Filliatre & Chaty, 2004). On the other hand, IGR J17544-2619
is well tted with only a stellar omponent orresponding to the O9Ib
ompanion star spetral type (Pellizza et al., 2006).
depends on the system geometry, and the quiesent emission is due to aretion
onto the ompat objet of diluted inter-lumps medium, explaining the very low
quiesene level in lassial SFXTs.
To explain the emission of sgXBs/SFXTs, Negueruela et al. (2008) and
Walter & Zurita Heras (2007) invoke the existene of two zones around the su-
pergiant star, of high and low lump density respetively. This would naturally
explain the smooth transition between sgXBs and SFXTs, and the existene of
intermediate systems; the main dierene between the lassial sgXBs and the
SFXTs being in this senario the NS orbital radius:
• The obsured sgXBs (persistent and luminous systems) would have short
and irular orbit inside the zone of high lump density (Rorb ∼ 2 R⋆).
• The intermediate SFXT would have short orbits, irular or eentri, and
possible periodi outbursts.
• The lassial SFXT would have larger and eentri orbital radius.
Maro-lumping senario
Eah SFXT outburst is due to the aretion of a single lump, assuming
that the X-ray lighturve is a diret traer of the wind density distribution. The
typial parameters in this senario are:
• a ompat objet with large orbital radius: 10 R⋆,
• a lump size of a few tenths of R⋆,
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• a lump mass of 1022−23g (for NH = 10
22−23
m
−2
),
• a mass loss rate of 10−(5−6) M⊙/yr,
• a lump separation of order R⋆ at the orbital radius,
• a volume lling fator: 0.02->0.1
The are to quiesent ount rate ratio is diretly related to the
clumps
inter−clump
density ratio, whih ranges between:
• 15-50 for intermediate SFXTs, and
• 102−4 for "lassial" SFXTs.
A very high degree of porosity (marolumping) is required to reprodue the
observed outburst frequeny in SFXTs, in good agreement with UV line proles
and line-driven instabilities at large radii (Oskinova et al. 2007; Runares & Owoki
2005; Walter & Zurita Heras 2007). The number of lumps vs radius in a ring
of width 2racc and height 2racc is given in Oskinova et al. (2007), for a veloity
law with beta=0.8 and porosity parameter L0 = 0.35.
Dierene sgXB/SFXT
A basi model of porous wind predits a substantial hange in the properties
of the wind "seen by the NS" at a distane r ∼ 2 R⋆ (vertial asymptote in Fig-
ure 1 of Negueruela et al. 2008), where we stop seeing persistent X-ray soures.
There are 2-regimes:
• either the NS sees a large number of lumps, beause it is embedded in a
quasi-ontinuous wind;
• or the number density of lumps is so small that the NS is eetively
orbiting in an empty spae.
sgXBs an only lie within the two vertial dot-dashed lines (Negueruela & Shurh,
2007).
Classes of wind aretors
In Negueruela & Shurh (2007) Figure 2 represents the stellar wind of high
(oloured area) and low (blank area) lump density respetively. The oloured
are represents the left part of the asymptote in Figure 1 of the same paper. The
HMXB ongurations are:
• SFXTs on the left (irular orbit, NS outside the high density zone);
• SFXTs on the right (highly eentri orbit, longer quiesene intervals),
with the NS grazing the oloured area at periastron (as IGRJ00370+6122);
• Intermediate systems if the NS is inside the narrow transition zone;
• sgXBs: the NS is always inside the oloured area.
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The observed division between sgXBs (persistent sgXBs, SFXTs, regular
outbursters) is therefore naturally explained by simple geometrial dierenes in
the orbital ongurations.
IGRJ18483-0311: an intermediate SFXT?
X-ray properties of this system were pointing towards an SFXT (Sguera et al.,
2007), however it exhibits an unusual behaviour: its outbursts last for a few days
(to ompare to hours for lassial SFXTs), and the ratio Lmax/Lmin ∼ 10
3
(its
quiesene is therefore at a higher level than the ratio ∼ 104 for lassial SFXTs).
Moreover, its orbital period Porb=18.5d is low ompared to lassial SFXTs (with
large/eentri orbits). Finally, its orbital period and spin period (Pspin=21.05s)
loated it inbetween Be and sgXBs in the Corbet Diagramme, therefore in a am-
biguous position. Rahoui & Chaty (2008) have identied the ompanion star of
this system as a B0.5Ia supergiant, unambiguously showing that this system was
an SFXT. Furthermore, they suggest that this system ould be the rst rmly
identied intermediate SFXT, haraterized by short, eentri orbit (e between
0.4 and 0.6 aording to Rahoui & Chaty 2008), and long outbursts... This
"intermediate" SFXT nature would explain its unusual harateristis among
"lassial" SFXTs.
3.3. Obsured HMXBs
IGR J16318-4848 An extreme ase: IGR J16318-4848 was the rst soure
disovered by IBIS/ISGRI on INTEGRAL on 29 January 2003 (Courvoisier et al.,
2003), with a 2′ unertainty. XMM-Newton observations revealed a omptonised
spetrum exhibiting an unusually high level of absorption: NH ∼ 1.84×10
24
m
−2
(Matt & Guainazzi, 2003). The aurate loalisation by XMM-Newton allowed
Filliatre & Chaty (2004) to rapidly trigger ToO photometri and spetrosopi
observations in optial/NIR, leading to the onrmation of the optial ounter-
part (Walter et al., 2003) and to the disovery of the NIR one (Filliatre & Chaty,
2004). The extremely bright NIR soure (B>25.4+/-1; I=16.05+/-0.54, J=
10.33 ± 0.14; H= 8.33 ± 0.10 and Ks= 7.20 ± 0.05 magnitudes) exhibits an un-
usually strong intrinsi absorption in the optial (Av = 17.4 magnitudes), 100
times stronger than the interstellar absorption along the line of sight (Av =
11.4 magnitudes), but still 100 times lower than the absorption in X-rays. This
led Filliatre & Chaty (2004) to suggest that the material absorbing in X-rays
was onentrated around the ompat objet, while the material absorbing in
optial/NIR was enshrouding the whole system. The NIR spetrosopy in the
0.95 − 2.5 µm domain allowed to identify the nature of the ompanion star, by
revealing an unusual spetrum, with many strong emission lines:
• H, HeI (P-Cyg) lines, harateristi of dense/ionised wind at a veloity of
400 km/s,
• HeII lines: the signature of a highly exited region,
• [FeII]: reminisent of shok heated matter,
• FeII: emanating from media of densities > 105 − 106 m−3,
• NaI: oming from old/dense regions.
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All these lines are originating from a highly omplex and stratied irum-
stellar environment of various densities and temperatures, suggesting the pres-
ene of an envelope and strong stellar outow responsible for the absorption.
Only luminous early-type stars suh as supergiant sgB[e℄ show suh extreme en-
vironments, and Filliatre & Chaty (2004) onluded that IGR J16318-4848 was
suh an unusual HMXB, hosting a sgB[e℄ with harateristi luminosity of 106 L⊙
and mass of 30 M⊙ (see also Chaty & Filliatre 2005).
The question of this huge absorption was still pending, and only MIR ob-
servations would allow to solve this question, and understand its origin. By
ombining these optial and NIR data with new MIR observations, and tting
these observations with a model of a sgB[e℄ ompanion star, Rahoui et al. (2008)
showed that IGR J16318-4848 was exhibiting a MIR exess (see Figure 1, left
panel), that they interpreted as being due to the strong stellar outow emanat-
ing from the sgB[e℄ ompanion star. They found that the ompanion star had a
temperature of T⋆ = 22200K and radius R⋆ = 20.4 R⊙ = 0.1 a.u., onsistent
with a supergiant star, and an extra omponent of temperature T = 1100K and
radius R= 11.9 R⋆ = 1a.u., with Av = 17.6 magnitudes. Reent MIR spetro-
sopi observations with VISIR at the VLT showed that the soure was exhibiting
strong emission lines of H, He, Ne, PAH, Si, proving that the extra absorbing
omponent was made of dust and old gas.
By taking a typial orbital period of 10 days and a mass of the ompan-
ion star of 20 M⊙, we obtain an orbital separation of 50 R⊙, smaller than the
extension of the extra omponent of dust/gas (= 240 R⊙), suggesting that this
omponent enshrouds the whole binary system, as would do a ooon of gas/dust
(see Figure 2, left panel).
In summary, IGR J16318-4848 is an HMXB system, loated at a distane
between 1 and 6 kp, hosting a ompat objet (probably a NS) and a sgB[e℄
star (it is therefore the seond HMXB with a sgB[e℄ star, after CI Cam; see
Clark et al. 1999). The most striking fats are (i) the ompat objet seems to
be surrounded by absorbing material and (ii) the whole binary system seems to be
surrounded by a dense and absorbing irumstellar material envelope or ooon,
made of old gas and/or dust. This soure exhibits suh extreme harateristis
that it might not be fully representative of the other obsured soures.
3.4. The Grand Uniation: dierent geometries, dierent senarios
There seems to be a ontinuous trend, from lassial and/or absorbed sgHMBs,
to lassial SFXTs. We outline in the following this trend.
• In "lassial" sgXBs, the NS is orbiting at a few stellar radii only from
the star. The absorbed (or obsured) sgXBs (like IGRJ16318-4848) are
lassial sgXBs hosting NS onstantly orbiting inside a ooon made of
dust and/or old gas, probably reated by the ompanion star itself. These
systems therefore exhibit a persistent X-ray emission. The ooon, with
an extension of ∼ 10 R⋆ = 1 a.u., is enshrouding the whole binary system.
The NS has a small and irular orbit (see Figure 2, left panel).
• In "Intermediate" SFXT systems (suh as IGRJ18483-0311), the NS orbits
on a small and irular/exentri orbit, and it is only when the NS is lose
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enough to the supergiant star that aretion takes plae, and that X-ray
emission arises.
• In "lassial" SFXTs (suh as IGRJ17544-2619), the NS orbits on a large
and exentri orbit around the supergiant star, and exhibits some reur-
rent and short transient X-ray ares, while it omes lose to the star, and
aretes from lumps of matter oming from the wind of the supergiant.
Beause it is passing through more diluted medium, the
Lmax
Lmin ratio is higher
for "lassial" SFXTs than for "intermediate" SFXTs (see Figure 2, right
panel).
Although this senario seems to desribe quite well the harateristis ur-
rently seen in sgXBs, we still need to identify the nature of many more sgXBs to
onrm this senario, and in partiular the orbital period and the dependane
of the olumn density with the phase of the binary system.
Figure 2. Senarios illustrating two possible ongurations of INTE-
GRAL soures: a NS orbiting a supergiant star on a irular orbit (left
image); and on an eentri orbit (right image), areting from the
lumpy stellar wind of the supergiant. The aretion of matter is per-
sistent in the ase of the obsured soures, as in the left image, where
the ompat objet orbits inside the ooon of dust enshrouding the
whole system. On the other hand, the aretion is intermittent in the
ase of SFXTs, whih might orrespond to a ompat objet on an e-
entri orbit, as in the right image. A 3D animation of these soures is
available on the website:
http://www.aim.univ-paris7.fr/CHATY/Researh/hidden.html
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Obsured Be X-ray binary systems??? Now that we have desribed the ob-
sured sgXBs, we point out that we might have found the most highly absorbed
and distant Be star in a HMXB system: AX J1749.1-2733. This system is
an HMXB pulsar, with a Porb=185d and a Pspin=66s, and ares lasting for
12 days. Its harateristis are therefore typial of Be star in HMXB pulsars.
Zurita Heras & Chaty (2008a) have identied its optial ounterpart: it is a Be
star exhibiting a high level of absorption (NH = 2×10
23
m
−2
), loated far away
in our Galaxy (> 8.5 kp), probably similar to the BeXB 2S 1845-024.
Population synthesis models: These soures revealed by INTEGRAL, namely
the supergiant HMXBs, will allow to give onstraints and nally to better un-
derstand the formation and evolution of binary systems, by omparing them to
numerial study of LMXB/HMXB population synthesis models. Many param-
eters do inuene the various evolutions of these systems: dierenes in size,
orbital period, ages, aretion type, and stellar endpoints... Moreover, stellar
and irumstellar properties also inuene the evolution of high-energy binary
systems, made of two massive omponents usually born in rih star forming re-
gions. Finally, these new systems might represent a preursor stage of what
is known as the "Common envelope phase" in the evolution of LMXB/HMXB
systems.
These soures are also useful to look for massive stellar "progenitors", for in-
stane giving birth to oalesene of ompat objets, through NS/NS or NS/BH
ollisions. They would then beome prime andidate for gravitational wave emit-
ters, or even to short/hard γ-ray bursts.
4. Conlusions and perspetives...
The INTEGRAL satellite has tripled the total number of Galati sgXBs, on-
stituted of a NS orbiting around a supergiant star. Most of these new soures
exhibit a large NH and long Pspin ( 1ks): they are slow and absorbed X-ray
pulsars. The inuene of the loal absorbing matter on periodi modulations is
dierent for sg or BeXBs: sgOB or BeXBs are segregated in dierent parts of
NH-Porb or NH-Pspin.
INTEGRAL revealed 2 new types of soures. First, the SFXTs (Supergiant
Fast X-ray Transients) exhibiting short and strong X-ray ares, with a peak ux
of 1 Crab during 1100s, every ∼ 100 days. These short and intense ares an
be explained by aretion through lumpy winds. Seond, the obsured HMXBs
are omposed of supergiant stellar ompanions exhibiting a strong intrinsi ab-
sorption. They are X-ray pulsars with persistent emission, and long Pspin. The
NS is deeply embedded in the dense stellar wind, whih forms a dust ooon
enshrouding the whole binary system.
These results show the existene in our Galaxy of a dominant population of
a previously rare lass of high-energy binary systems: supergiant HMXBs, some
exhibiting a high intrinsi absorption (Chaty et al. 2008; Rahoui et al. 2008). A
areful study of this population, reently revealed by INTEGRAL, will provide
a better understanding of the formation and evolution of short-living HMXBs.
Furthermore, stellar population models will heneforth have to take these objets
into aount, to assess a realisti number of high-energy binary systems in our
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Galaxy. Our nal word is that only a multiwavelength study reveal the nature
of these obsured high-energy soures.
The reently suessfully launhed GLAST satellite (Gamma-ray Large Area
Spae Telesope, operating in the 10 keV - 300 GeV energy range) will ertainly
disover suh new and unexpeted objets. Indeed, although these sgXB soures
do not seem to be GeV Emitters, there are peuliar members of this family whih
emit at these energy ranges, for instane LSI +61 303 (a "disguised" pulsar,
Dubus 2006), LS 5039 (Paredes et al. 2000; Aharonian et al. 2005), and Cygnus
X-1
3
(Albert et al., 2007). This high energy satellite has a huge potential: 200
individual soures have been deteted by EGRET... we expet that thousands
will be deteted by GLAST!
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